Ma an na ag ge em me en nt t a an nd d S Su us st ta ai in na ab bi il li it ty y journal home page: https://jems.sciview.net Krutsyak, M. (2019 Abstract: This paper presents econometric methods and statistical datasets about changing socioeconomic factors and their influence on electricity demand (on the example of Ukraine) as the instrument for forecasting electricity demand. For this purpose, based on the results of well-known economists' works in the energy field, we selected linear multiple regression equations as the main method and changes in volumes of gross domestic product, the average price for electricity and the Ukrainian population (adapted to the situation in Ukraine due to the lack of reliable statistical data on part of the territory occupied by the Russian Federation for the period of 2013-2017) as the main factors. In the course of the study, the correlation between the exploring variable factors and the demand for electricity was found to be close (for the period [2000][2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015][2016][2017]. So, the given variables were used to construct linear regression equations for forecasting electricity demand in Ukraine (for the period up to 2035). As a result, it was possible to obtain the value of demand volumes, comparable to the volumes of demand provided by the profile ministries and agencies of Ukraine.
Introduction
The electricity market as a unique type of market operating on the principle of urgent demand supply in real time requires the forecasting of demand for electric energy, and the development of mathematical models, accordingly. First of all, such models should take into account the influence and development of factors that have an impact on the demand for electricity, then the ways and possibilities of its coverage, optimization (resources and generation), and much more. The accuracy of the modeling results largely depends on the economic situation of the ‹ 47 › industry and its entrants, as well as on the national economy and its energy and economic security. For this reason, the requirements for the adequacy of simulation results are more than rigid. However, because of the possibility of the onset of a stochastic events variety, meeting these requirements is becoming more and more difficult. The events in Ukraine that took place in recent years led to the changes in the electricity market situation. They include deployment of hostilities in the country, devaluation of the national currency, technological breakthroughs, consumer behavior changing, political course changing, global integration processes joining, market liberalization etc. For this reason, the economic-mathematical model to forecast an electricity demand taking into account a number of economic, social and demographic factors. If we omit them the prediction task becomes just a task of data extrapolation that is not connected with the development of objective reality within which the market of electricity is functioning.
Literature review
A number of scientists engaged in forecasting of electricity demand and investigating the adequacy of the results of such forecasting. Many research institutions, agencies, ministries, and private companies were interested in their research results. Among the most famous researches is the work of Egelioglu, Mohamad, and Guven (2001) , where multiple linear regression equations are used and a mathematical model that took into account the influence of several economic factors on the change of electricity consumption in Northern Cyprus is constructed. As a result, there was established that the number of consumers, the electricity price and the number of tourists correlate with the change in electricity demand. With help of quantitative methods, some scientists (Fung & Tummala, 1993; Harris & Liu, 1993; Liu, Ang, & Goh, 1991) in their researches described the possibility of assessing the impact of electricity prices as one of the decisive factors of energy saving on the part of consumers. Yan (1998) proved the link between electricity consumption and climate change in Hong Kong. Rajan and Jain (1999) supplemented the Yan (1998) model with the dependence between electricity demand changes and population changes. Fung and Tummala (1993) came to the conclusion that it is expedient to use the price of electricity, gross domestic product (GDP), trade balance and population to forecast the electricity demand in Hong Kong. Yau, Schneeweis, Robinson, and Weiss (2007) used indicators of GDP, electricity consumption, and population to forecast an electricity demand in Singapore. Lakhani and Bumb (1978) used electricity prices, average income per capita and expected long-term elasticity of electricity demand in Maryland. In some writings (Makridakis & Wheelwright, 1989; Makridakis, Wheelwright, & Hyndman, 2008 ) even more complicated economic-mathematical models, which include data sets of a diverse nature, are presented.
It is quite obvious that the larger the set of statistical data, the more adequate results of the simulation can be achieved, but it requires both their availability and the availability of necessary computational resources for their processing. In addition, there is an uncertainty: how many of all possible explanatory variables should be limited by the economic-mathematical model, since their growth brings zero effect to each of them?
Trying to forecast the electricity demand in New Zealand, Mohamed and Bodger (2005) proposed a logistic model based on the logistic growth curve. Using the model of logistic growth involves obtaining a level of electricity demand saturation with the help of Fibonacci searching technique. The estimated saturation level is used as a constant variable that corresponds to the optimal logistic growth curve, and the forecast is obtained by extrapolating a certain curve. The main advantage of using this approach is that it is possible to describe with sufficient precision the changes in the level of electricity demand in the historical retrospective. However, there is one significant drawback associated with constraints due to the level of saturation of the logistic growth curve (Bodger & Tay, 1987; Sinclair Knight Merz, 2000) .
Taking into account above information, it can be assumed that by using a model constructed and multiple linear regression equations that will include volumes of GDP, electricity prices and population, one can achieve the results of forecasting demand for electricity with a sufficiently high level of adequacy.
Materials and Methods
The proposed multi-factor multivariate linear regression model to forecast the electricity demand considering the dynamics of GDP, electricity prices and population is as follows:
‹ 48 › where: Y -demand level or electricity consumption (GWh), X1 -GDP (millions UAH), X2 -electricity price (UAH per kWh), X3 -population (persons), u -standard error (so-called "white" noise).
In this case, each of the independent variables X1, X2 and X3 is described by a simple linear regression equation reflecting the dynamics of these variables at time t: . Given the reflection of electricity consumption in the structure of GDP, data of total electricity consumption are divided into two main groups: consumption by domestic (household) and non-domestic (non-household) consumers. Figure 1 shows the changes in consumption volumes and changes of explanatory variables for the period 2000-2017 years. Figure 1 shows that due to the presence of noticeable nonlinearity in the electricity consumption (by domestic and non-domestic consumers and total over Ukraine), the population and GDP use of linear regression equations are considerably complicated. The first curve is characterized by the presence of a parabolic change in consumption with hogging in the middle (because of a significant reduction of energy supply in the ATO zone, the development of energy conservation technologies, reorientation of the national economy etc.). The second curve is characterized by the presence of a sharp fall (due to lack of data about a number of population that is in the ATO zone and annexed Crimea). And the third curve is characterized by the presence of a hyperbolic change (as a result of the accelerated devaluation of the hryvnia, etc.). That's why in the further study starting from the 2000 year data about population changing in Ukraine, GDP and electricity consumption will be presented without taking into account the share of people in the ATO zone and Crimea. In addition, volumes of GPD will be brought to constant prices of 2000 (using GDP deflator), taking into account the changes in the energy intensity of GDP. Adjusted data are as follows (Figure 2) .
For testing the developed model, several different statistical tests were used. Among them are: 1) the adjusted determination coefficient r 2 to identify how well the model describes the actual consumption, 2) the F test to validate the overall value of the model, 3) the t-test to validate the equality of the regression coefficients in the model. In addition, the residuals (so-called "white" noise) u were analyzed in order to test the model for autocorrelation.
For each of these variables, the dependence is represented by the corresponding correlation coefficients. The correlation matrix of the variables used in the regression analysis to simulate the electricity demand in Ukraine for the period from 2000 to 2017 is presented in Table 1 .
All independent variables have a strong dependence with dependent variables (general consumption, as well as consumption by domestic and non-domestic consumers), and therefore significant in their use in the forecasting model. The correlation coefficient between GDP and population is 0.980. However, in this case, the multicollinearity is observed. Makridakis et al. (2008) argue that multicollinearity in such cases can be easily eliminated by solving the task using OLS method. 
‹ 49 ›
‹ 51 › 
Each independent variable such as GDP (X1), electricity price (X2) and population (X3) is described using simple linear regression equations. The obtained regression equations for X1, X2 and X3 have the following form: 
where t -time (with one-year interval starting from 2000). Table 2 shows the results of multiple linear regression testing model with the help of different statistical methods (adjusted r 2 determination coefficient, F-test and t-test with critical values of 99%). The number of degrees of freedom for F-statistics is 3, for the determinant r 2 as well as for t-statistics is 32. Table 2 , it becomes apparent that for the domestic consumer's model, the value of the determination coefficient r 2 , which is equal to 0.87, is quite significant. Usually, in such tasks, it is not more than 0.9. In the early 2000s, the electricity consumption by domestic consumers grew rapidly, primarily due to the accelerated transition of the population to electric heating, caused by an increase of prices for natural gas, and the widespread use of modern home appliances (video and telecommunications, washing machines, automatic machine, electric water heaters, dishwashers, electric cooking floors and cabinets, microwave ovens, etc.). However, at the end of the 2000s, under the influence of the global economic crisis and the increase of prices for electricity, consumption significantly decreased. The presence of such historical facts in the subsequent study, as can be seen from Table 2 , led to a decrease in the determination coefficient r 2 .
The adjusted determination coefficient for domestic and non-domestic consumers is significant. It means that in the case of domestic consumers, its consumption is at least 87% due to the changes in GDP, electricity prices and population. Accordingly, we can also explain the close relationship in the resulting model between the explanatory variables and overall consumption (including consumption by non-domestic consumers). The critical value of the F-test for each consumer group is much less than the calculated critical value F. Therefore, we can conclude that the simulation results obtained from the multiple linear regression equations (3) - (5) are sufficiently adequate (the adequacy of the simulation results is not less than 99%). Similarly, t-test results: t1, t2, and t3 for coefficients X1, X2 and X3 are significantly larger than 99% of the critical value t. This means that the coefficients b1, b2 and b3 in equations (3) - (5) are also significant. Figure 3 shows the statistical values of actual electric energy consumption, as well as the values obtained using the developed model. As can be seen from these figures, the dynamics of the changes in the model value sufficiently repeats the form of the changes of actual retrospective data.
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Figure 3: The cross-check results of the proposed model
Source: author's calculations Figure 4 depicts the residuals of multiple linear regression equations. The basic set of residuals is uniformly scattered over the entire plane and has no characteristic zone of high density. Thus, we can say that the distribution of estimated residuals has a stochastic distribution, and therefore no additional explanatory variables need to be entered. However, the connection between the residuals and the price of electricity still exists, but it is not significant and can be neglected based on the proof of Yau et al. (2007) . According to Yau et al. (2007) proof, the residuals in case of domestic and non-domestic consumers and in case of total consumption are 19.22, 19.62 and 22.79, respectively, which do not exceed the critical value of χ 2 31.39 (with an accepted probability of 0.05). It suggests that the autocorrelation of the residuals is negligible. 
Results
In Ukraine, national socio-economic forecasts are developed and published by the Ministry of Economic Development and Trade of Ukraine (2018), and at the regional level by regional state administrations. The relevant sector forecasts are prepared by the departments and ministries according to their profile. NEURC (n.d.) is delegated by the Ministry of Energy and Coal Industry of Ukraine (2017) to develop and publish its own forecasts for electricity demand based on an optimization model for energy supply and demand and taking into account the forecast of the socioeconomic development of Ukraine provided by the Ministry of Economic Development and Trade of Ukraine (2018) . The latter is a descriptive model of market equilibrium in the energy sector.
The optimization model used by NEURC (n.d.) provides an opportunity to determine the state of equilibrium (balance) in the electricity market, according to the input power generating from different sources and the set of prices for electricity (in the wholesale and retail markets, as well as for domestic and non-residential consumers). Using optimization methods, the calculation of the balance continues until the balance of demand and supply. Forecasts of the NEURC (n.d.) are based on the assumption about the increase in consumption at annual rates of 1.2-2.0%. In order to evaluate the suitability of the proposed model and compare the results, the model, developed by NEURC (n.d.), was chosen.
The Source: author's calculations Forecasts obtained using the model described by the multiple linear regression for the initial forecasting period are similar to the forecasts provided by the NEURC (n.d.). For the last period of forecasting, the results started to diverge slightly. The predicted values obtained with the help for the proposed model for non-residential consumers and, in case of total consumption in Ukraine, differ from the provided NEURC's predictive values on the larger side. In general, the forecasts obtained for these three models are very similar.
Conclusions
Summarizing the above, we distinguish the following: 1) An economic-mathematical model to forecast electricity demand based on a number of economic and social factors (both for domestic and non-domestic consumers and for Ukraine's consumers as a whole) using multiple linear regression equations is proposed;
2) The proposed models, during the statistical tests, have proved the high adequacy of the results obtained;
3) The results obtained using the proposed model were compared with the forecast data provided by NEURC; ‹ 56 › 4) As a result of the comparison, it was found that the results obtained with the proposed model have sufficiently high accuracy, which to a large extent depends on the accuracy of predictions of the explanatory variables.
The direction of further research: in this paper, the simple linear regression equation was used for the simulation of explanatory variables. At present, the possibility of using other methods of forecasting these variables is explored.
